suggests that TAF130 dependence is a common property of RP genes. Under conditions of TAF130 inactivation, 60% of the RP genes but only 17% of all yeast genes show a transcriptional decrease that is at least 2-fold. These observations suggest the possibility that TFIID is specifically involved in the coordinate regulation of RP genes. Alternatively, the TAF130 dependence of many RP promoters might simply reflect an indirect response to growth limitation, particularly as TAF130 (and hence TFIID) is required for cell growth.
In this study, we provide clear evidence that TFIID is recruited to promoters in an activator-specific manner in vivo. We show that a Rap1-containing activator is necessary and sufficient for efficient TFIID recruitment, that the vast majority of RP promoters have high TFIID occupancy, that RP core promoters can be preferentially activated by the Rap1-containing activator, and that TAF dependence and growth regulation of RP transcription depends on both the Rap1-containing activator and on the RP core region. These results strongly suggest that To determine whether TFIID association with RP promoters is determined by the upstream or core regions, feature of RP promoters, we examined the TAF:TBP occupancy ratio at nine additional RP promoters. Eight we first analyzed chimeric promoters involving RPL9A (high-TAF) and PGK1 (low-TAF). The promoter conof these nine promoters represent typical RP promoters in that they contain Rap1 and/or Abf1 sites (Lascaris et taining the RPL9A upstream region and the PGK1 core results in a high TAF:TBP occupancy ratio (1.4), sugal., 1999; Warner, 1999) and they are bound by Esa1 histone acetylase (Reid et al., 2000) . The remaining RP gesting that the RPL9A upstream region can confer high TFIID occupancy on a core region from a low-TAF propromoter, RPL18B, is among the rare exceptions that lack binding sites for either activator protein and is not moter (Figure 2A) . Conversely, the promoter with the PGK1 upstream region and RPL9A core is severely debound by Rap1, Abf1, or Esa1 in vivo (Reid et al., 2000). As shown in Figure 1, Figure 2H ). Thus, Esa1 affects TFIID recruitment to RP promoters, although the mechanistic bp) to the PGK1 core promoter ( Figure 2B ). The shortest derivative tested (41 bp) is almost exclusively composed basis for this effect remains to be determined. of the two Rap1 sites. All RPS8A segments support comparable levels of transcription ( Figure 2C pancy at the truncated PGK1-RPL9A promoter is 2-fold below that observed at the RPL9A promoter (Figure 2 ), despite the fact that these promoters support comparaThe Rap1 Sites in the RPS11B Promoter Are Required for TFIID Recruitment ble levels of transcription ( Figure 4A ). Second, TBP occupancy at the RPL9A and PGK1 promoters is comparaTo determine whether Rap1 sites are required for TFIID recruitment at a natural RP promoter, we analyzed a ble (Figure 1) , even though the PGK1 promoter is 3-fold more active ( Figure 4A ). Third, in promoters involving derivative of the RPS11B promoter in which a 25 bp region containing the two Rap1 sites is deleted (Reid the PGK1 core, the PGK1 and PYK1 upstream regions , 1996) . As expected, transcription from the PGK1 promoter is unaffected by TAF depletion, while transcription from the RPL9A promoter is reduced by a factor of nine ( Figure 4D ). For the two chimeric promoters, transcription decreases 3-fold under conditions of TAF depletion, indicating that TAF130 dependency of the RPL9A promoter is influenced by both the upstream and core promoter regions. One explanation for the above observation is that RP core promoter regions require TFIID for efficient transcription, and hence are ideally suited for responding to an activator(s) that recruits TFIID. A prediction of this model is that strong activators that do not recruit TFIID would be relatively less active in combination with RP core promoters than at TAF-independent core promoters. We therefore examined transcriptional activity mediated by various activators in the context of the PGK1, HIS3, RPL8A, and RPL9A core promoter regions linked to the HIS3 structural gene ( Figure 5A ). For strong activators (the PGK1 upstream region, LexA-Put3, LexA-Ace1, LexA-Gal11), transcriptional activity in combination with the two RP core regions was approximately 10%-20% TFIID-dependent core promoter. As expected, ϩ1 transcription mediated by LexAGal11 and the PGK1 and PYK1 upstream regions occurs RP Promoters Typically Lack Canonical TATA Elements at only 10% the level of ϩ13 transcription ( Figure 5B ). In contrast, the RPS8A and RPL9A upstream regions
The observation that the Rap1-dependent activator is particularly effective in supporting transcription in comactivate transcription from the ϩ1 site to 70% and 30% of the level of that of the ϩ13 site, respectively (Figure bination with the TFIID-dependent core regions suggests that RP core regions might differ from core regions 5B). Importantly, the levels of ϩ1 transcription observed in the RPS8A and (to a lesser extent) RPL9A derivatives of non-RP promoters. Analysis of 121 RP promoters, 120 highly active non-RP promoters, and the near comare higher than those observed for any of the numerous derivatives containing the HIS3 core region examined plete set of 6222 promoters indicates that canonical TATA elements are dramatically underrepresented in RP previously (Iyer and Struhl, 1995). Furthermore, the HIS3 pattern generated by the RPS8A and RPL9A derivatives promoters ( Figure 5C ). In the region between Ϫ50 and provide the basis for assessing whether an activator can directly cose upshift (2-fold). In addition, the Rap1-containing activator is partially sufficient for this regulatory rerecruit TFIID to promoters. In particular, the ability of a given activator to preferentially recruit TFIID over the sponse, because the chimeric promoter containing the minimal 41 bp fragment with the two Rap1 sites up-TAF-independent form of TBP constitutes a strong argument for direct recruitment of TFIID by the activator in stream of the PGK1 core region is induced 2-fold upon glucose upshift. Thus, the response to glucose upshift vivo. Here, we demonstrate such activator-specific recruitis mediated partly by the Rap1-containing activator and partly by some other feature of the RPS11B promoter. ment of TFIID in vivo, thereby providing clear evidence that TFIID can be a physiological target for activators. This result is analogous to the observation that TAF dependence of RP transcription depends both on the The Rap1-containing activator that functions at RP promoters is necessary and sufficient for TFIID recruitment. Rap1-containing activator and on RP core promoter regions.
In contrast, the other three strong activators tested as well as the PGK1 and PYK1 upstream regions do not promoters explains why LexA-Rap1 is a very weak activator (Klein and Struhl, 1994). efficiently recruit TFIID to the PGK1 or HIS3 core regions. In addition, the RPS8A and (to a lesser extent) RPL9A
Our observations indicate that TFIID recruitment is mediated by the Rap1-containing activator that funcupstream regions efficiently activate transcription from the TFIID-dependent T C element in the HIS3 core region, tions primarily at RP promoters. Other promoters containing Rap1 sites (e.g., PGK1, PYK1) show low levels a pattern observed upon artificial recruitment of TFIID (Gonzalez-Couto et al., 1997) TFIID recruitment by the Rap1-containing activator cannot be the sole mechanism for growth-regulated transcription of RP genes. The high TFIID occupancy at RP promoters containing Abf1, but not Rap1, sites suggests that growth-regulated transcription of some RP promoters involves recruitment of TFIID by an Abf1-containing activator. However, eight exceptional RP promoters lack Rap1 and Abf1 sites, yet these have regulatory profiles typical of RP promoters. In the one case tested here (RPL18B), the TAF:TBP occupancy ratio is considerably below those of other RP promoters, although it is above that of TAF-independent promoters such as PGK1 and PYK1. These exceptional RP promoters may be analogous to the RPS11B promoter derivative lacking Rap1 sites, which is partially regulated in response to the glucose upshift ( Figure 6 ). Thus, as is the case for TAF dependence of RP transcription, the glucose-upshift response depends both on the Rap1-containing activator and on the RP core regions.
Growth regulation of RP genes is also associated with recruitment of Esa1 histone acetylase (Reid et al., 2000) . promoters, and it is required for TFIID recruitment in
